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(57) Abstract 

A method and a plant serving the purpose of purifying water with ozone from especially oxidizable impurities. The plant comprises a 
purification basin (3) for the contaminated water, an ozone source (1) for, when in operation, supplying the plant with ozone for purification 
of the water, a reaction container (2), which, when in operation, partly is supplied with water from a water source to a predetermined 
level in the container by means of a first pressure pump (8), partly is supplied with ozone under pressure from the ozone source via a gas 
conduit with a second pressure pump (7), which preferably is a spark-free membrane pump. At the bottom of the basin is placed a first set 
of nozzles (12) which via at least one first water conduit (10) is connected to the water in the reaction container. A second set of nozzles 
(17) which, at the bottom are placed in the basin at a distance from the first set of nozzles, are connected to at least one second water 
conduit (18) which is connected to the ozone source as well as to a water source and has a third pressure pump (19) for, when in operation, 
driving the water through the conduit with a pressure which is smaller than the pressure in the reaction container. The plant can with less 
use of ozone efficiently purify the water from impurities. The additional ozone is recycled in an economic expedient way instead of being 
released into the environment and endangering the surroundings. Suspended and dissolved impurities in the waste water can be brought to 
flocculate without addition of chemicals. 
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Method and plant for purification of contaminated water. 



The invention concerns a method for purification of contamina- 
5 ted water from especially oxidizable impurities. 

Contaminated water is led out in great amounts as sewage from, 
for example, households and industries. It is required that 
the impurities of the sewage is removed to an excessively ex- 
tend, before the water is released to the recipient. This pu- 
rification takes place, for example, in the municipal plant, 
where a number of processes is being used to remove and neu- 
10 tralize the impurities of the sewage. A common part of the 
purification process is that the impurities are brought to 
flocculate in great basins with chemicals, which are added to 
the water. The created floes are precipitated as sludge, which 
is removed by means of, e.g. scrapers. 

The impurities can consist of organic substances, pesticides. 
15 tensides, organic and chemical solvents and colour residues. 
It is known that water, which is contaminated with such sub- 
stances, can be purified by means of ozone, which usually in 
the form of bubbles rising through the water, exposes the sub- 
stances to heavy oxidation. Thereby the substances are preci- 
pitated as particles which can be removed by means of a filter 
or similar device. 

20 The conventional ozone purification plants thus known have, 
however, a disproportionately large expenditure of ozone in 
relation to the purification effect obtained, and the reaction 
time is very long causing the necessity to use very large and 
expensive reaction basins. Further, the additional ozone is 
led out to the environment endangering person, who might be in 
the surroundings. 

25 

The object of the invention is to provide a method of the pri- 
or cited type, which with less use of ozone and more effi- 
cient than previously known, cam purify the contaminated 
water . 

A second object of the invention is to provide a method of the 
prior cited type, being adapted in such a way that the additi- 
30 onal ozone is not released to the surroundings. 

A third object of the invention is to provide a method of the 
prior cited type, by means of which suspended and dissolved 
impurities in the sewage are brought to flocculate without 
addition of chemicals. 

35 The new and unique by means of which this is obtained accor- 
ding to the invention, is that the contaminated water is led 
into a purification basin, where there at a first set lead- 
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A third object of the invention is to provide a method of the 
prior cited type, by means of which suspended and dissolved 
impurities in the sewage are brought to flocculate without 
addition of chemicals. 

The new and unique by means of which this is obtained accor- 
5 ding to the invention, is that the contaminated water is led 
into a purification basin, where there at a first set lead- 
in's, which in reciprocal distance are dispersed between two 
of the opposite sides of the basin and preferably are situated 
near the bottom of the basin, ozone is suppplied in the form 
of small, fine bubbles, and that there at a second set of le- 
ad-in's at distance from the first set of lead-in's, and equ- 
ally preferably near the bottom of the basin, ozone is sud- 
10 plied in the form of bubbles, which are substantially larger 
than the first mentioned fine bubbles . 

The small, fine bubbles have in combination a exceedingly 
large tangent surface with the water and the ozone is therefo- 
re quickly and efficiently brought to process large amounts of 
impurities. The reaction products are almost momentarily for- 
15 ming a shell around each of the fine bubbles, which at the 
same time loose buoyancy, due to the reduced contents of ozone 
in the bubbles as the ozone, to a larger or smaller degree, is 
used for the reaction. 

The fine bubbles with their shell of reaction products will 
therefore not change level substantially, while they are 
pushed across the bottom of the basin by new fine bubbles, 

20 which in a continuous stream are led into the baBin. During 
this process the fine bubbles are colliding with the rising 
large bubbles, whereby each one of the large bubbles is catch- 
ing an amount of fine bubbles. The bubbles merge, and the 
shell around the many fine bubbles are now settling as a whole 
shell around the large bubbles. During the continuous rising 
through the water, the ozone content of the large bubbles will 

25 to a greater or smaller extend be used for a continuous reac- 
tion with the substances not finished to react in the surroun- 
ding shell, and for the reaction with fresh impurities in the 
water. When the bubbles have reached the surface, they will 
break, whereby the remaining ozone is set free, while the 
shells are collapsing and form floes which easily can be remo- 
ved by means of, e.g. a belt filter for micro filtration. As 
it can be seen, these floes are thus created without use of 

30 those chemicals which normally are used to flocculation in the 
conventional plants. 

The finest bubbles, and thereby the most efficient purificati- 
on of the contaminated water, are obtained, when they are cre- 
ated through an overpressure to drive water, which is supersa- 
turated with ozone, into the contaminated water through 
35 nozzles which are placed in the basin. 
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The invention also concerns a plant for purification of conta- 
minated water for especially oxidizable impurities, and which 
comprises a purification basin for the contaminated water, an 
ozone source for, when in operation, providing the plant with 
ozone for purifying the water, a reaction container, which, 
when in operation, partly is supplied with water from a water 
5 source to a predetermined level in the container by means of a 
first pressure pump, partly is supplied with ozone under pres- 
sure from the ozone source via a gas conduit by means of a 
second pressure pump, which preferable is a sparkfree membrane 
pump, a first set of nozzles, which preferably at the bottom 
are place in the basin between two of the opposite sides of 
this basin, and which via at least a first water conduit are 
connected to the water in the reaction container, a second set 

1U of nozzles, which preferably at the bottom are placed in the 
basin at a distance from the first set of nozzles, and which 
are connected to at least one other water conduit, which is 
connected to as well the ozone source as to a water source and 
having a third pressure pump to drive the water, when in ope- 
ration, through the pipe with a pressure which preferably is 
smaller than the pressure in the reaction container. This 

15 plant is suitable to perform the procedure according the 
invention. 

The water which is added to the reaction container, can with 
advantage be the contaminated water. In some cases the whole 
water stream can be brought to pass the reaction container, 
where then an initial purification process will take place, 
and at the same time the water will be enriched with ozone. 
-* u When greater water volumes are to be purified, it will, howe- 
ver, for practical reasons be much more expedient to let only 
part of the contaminated water run through the reaction 
container. 

In order to obtain optimum effect, the water in the reaction 
container will have to absorb as much ozone as possible, and 
25 the pressure in the container must be relatively high, e.g. 10 
bar. At such high pressures there is a risk that the ozone 
will explode, and as pressure pump for pumping the ozone from 
the ozone source to the reaction container, a membrane pump of 
sparkfree plastic can therefore expediently be used. 

The injection into a container will normally be connected with 
a danger of explosion, but this danger can be eliminated by 
having the water stream into the reaction container via an 
ejector which fills the space above the water surface with a 
fog of water and steam. An explosion cannot occure in such a 
wet atmosphere. 

By an expedient embodiment the ozone is led into the reaction 
container via the suction side zone, whereby it can be ensured 
35 at its optimum that the inflow of the ozone into the reaction 
container takes place in a wet atmosphere. A second advantage 
which is obtained by means of this method, consists of the 
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£ a ww-, tha ^ the ozone quickly is suspended in the form of fine 
bubbles in the water and/or is dissoluted in the water. 

By inserting an ejector in the second water conduit, which is 
connected to the second set of nozzles, and connecting the 
ozone source to the suction side of this ejector, the same 
5 advantages can be obtained as described above regarding the 
explosion security and quick and efficient suspension and/or 
dissolution of the ozone in the water, which is driven into 
the basin via the second set of nozzles. 

When the water in the reaction container is supersaturated 
with ozone under high pressure and by that means is filled 
with enormous amounts of small fine bubbles, there is no lon- 
ger buoyancy in the water. A float will sink to the bottom. 
The level of the water surface can, consequently, not as usual 
be registered by means of a float. 

Such a registration is, however, of great importance to the 
secure and efficient function of the plant. Thus, the ejector 
* U J 6 5 stifled if the water rises so much that it will be 
15 flooded. If the reaction container, on the other hand, is emp- 
tied for water, the ozone will stream directly into the basin. 
The plant cannot operate securely and efficiently under these 
circumstances. 

According to the invention the level of the water surface is 
indirectly registered by means of a pressure difference gauge, 
which continuously measures the difference in pressure between 
the top and the bottom of the reaction container. The measured 
difference in pressure is a measure for the height of the wa- 
ter column. The pressure difference gauge is then adjusted, by 
deviations from a given set value, which represents the prede- 
termined height of the water column, to give a signal to the 
first pressure pump to pump more or less water into the reac- 
tion container in dependence of the present value of the 
25 signal. 

The sewage volume can vary with the time, and the same applies 
to the degree of contamination. The purification process can- 
not go at its optimum, if there during the changing conditions 
all the time is send the same amount of ozon enriched water 
through a set of nozzles. According to the invention there is 
therefore in the water conduits for each of the two sets of 
nozzles inserted a valve for regulating the pressure and/or 
volume of the water which is added. 

As earlier mentioned, an leak of ozone can endanger the per- 
sons in the surroundings of the plant. According to the inven- 
tion the purification basin is covered with a bellshaped cover 
for collection of additional ozone from the purification pro- 
35 cess. The collected ozone is, mixed with the existing air in 
the bassin, led past a cooler for drying of the air mixture, 
which then is sent past at least one UV lamp, whereby the 



WO 97/29997 



5 



PCT/DK97/00061 



2n i?r2^£J"\. iat 2 OXy96n ' . The air ^ture, which now 
SSrt^; ff contents of oxygen, is now streaming through a gas 

'SS£5%n nS OX SP n raembrane ' which allowl oxygen moil- 

SSlJ u«^ P ?n S ' ^ OXy9en deriving *«» this process, is fi- 
nlllZ *Zl \t a an ozone 9 en erator for the production of new 
c Sfv?nn ?o ^L pr ^ eSS * W f th this arrangement the nessecity of 
5 S?Ji??«£L S additional ozone to the surroundings will be 
Si iSf?f " ? the Same time tne P rocess is cost saving, since 
cycle ° Z ° ne ex P edient ly can be used again in I closed 

The invention will be explained more fully by the following 

o SS^IiTSSlK' JSf just 8erves as example ' w?th 

J schematically shows in principle an embodiment of the 
purification process according to the invention. 

.5 The main components in the purification plant shown in fig l 
is a ozone generator 1, a reaction container 2 and a purifica- 
fi ?r, 3 f in 3 * ^ con taminated water, which is to be purified, 

tion baiin CaS ^ hOWn led * Stream 4 to the Purific a : 

a dStSri in u a sec ondary stream 5, which is drawn with 

a dotted line, to the reaction container 2. 

0 lor 2SS?i ,aa iS <i W « 6 f derive from ^ different sources. 
For example, the fish industry or other foodstuffs factories 

c,^!! eWa9e ' Jf hich typically has a large contents of orga^f 
substances The purification process can advantageously be a 
Sif?n2J- a lar £ er P^cess, where, in one or more previous steDs 
?S Itl te su 5?tances as e.g. gravel and sand is removed, and 
m the succeeding steps for example nitrite will be removed. 

5 The plant operates with ozone as the sole purification mean 
The ozone is produced in the ozone generator 1 by oxygen co- 
ming rrom an oxygen membrane 6, which only allows the cor tents 
of oxygen moleculars of the air to pass. The ozone genSrtto? 
car ror example, be of the type, which uses a high voltage 
rll diSrSSSf^V current of dry oxygen or air with electri- 
SS«2il25 P 8 i whereb y a P art of the oxygen moleculars are 
decomposed to free atoms . 

?Fc 9 ^ atOm L> C0 T eCting with P re£ »ent oxygen moleculars forms 

^ e formed ozone is pumped by a membrane pump 7, 
SSi?™" 9 °J a B P a f ksafe type of plastic, into the reaction 
container under a high pressure, e.g. 10 bar. 



The secondary stream 5 of contaminated water is pumped bv a 
pressure pump 8 into the reaction container 2 via an elector c 
uncer equally high pressure. The ejector will in this precis' 
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suck in ozone, which thereby quickly and efficiently will be 
suspended in the form of fine bubbles in the water and/or be 
dissolved in the water. The ozone enriched water will via a 
water conduit 10 with a regulation valve 11 be led into the 
purification basin 3 via a first set of nozzles 12. 

5 According to the invention the amount of ozone pumped into the 
reaction container must be at a level, in relation to the wa- 
ter volume pumped in at the same time, that the water is su- 
persaturated with ozone under a high pressure. The water in 
the reaction container is therefore filled with an enormous 
amount of very small, fine bubbles, which in the following 
will be referred to as microbubbles . Due to the presence of 
the microbubbles a float will sink to the bottom in the water. 

10 It is, however, with reasonable limits, necessary to be able 
to fix the height of the water surface in the reaction contai- 
ner. If the water surface is rising above a certain height, 
the ejector will be flooded, and not able to function as pre- 
supposed. If the container is emptied, there will via the wa- 
ter conduit 10, the regulation valve 11 and the nozzles 12 
stream ozone directly into the purification basin 3, so that 

15 the aimed purification process is prohibited. 

The plant according to the invention comprises therefore a 
pressure difference gauge 13, which via cables 14 and 15 mea- 
sures the pressure in the top and at the bottom, respectively, 
of the reaction container/ and registers the difference in 
pressure. The difference in pressure represents the height of 
the water column, and the pressure difference gauge is there- 

20 fore adjusted with a set value, which is equal to a predeter- 
mined height . If the registered difference pressure at a given 
moment deviates from this set value, the pressure difference 
gauge will via a cable 16 send a signal to the pressure pump 8 
to increase or decrease the water volume, until the registered 
deviation from the set value is zero, and the water surface 
therefore will be at the predetermined level in the reaction 

25 container 2 . 

The first set of nozzles 12 are, as shown, placed in the wall 
of the purification basin and near the bottom. At some distan- 
ce from this set of nozzles there is likewise at the bottom 
placed a second set of nozzles 17, which are supplied with 
ozone enriched water via a water conduit 18, in which there is 
inserted a pressure pump 19, an ejector 20 and a regulation 
30 valve 21. 

The ozone generator 1 is via a cable 22 connected to the suc- 
tion side of the ejector 20, whereby the water in the cable 18 
is enriched with ozone. As shown, the water is streaming in 
the water conduit 18 in this case in a cicuit from the purifi- 
cation basin with purified water and back again to the purifi- 
35 cation basin with ozone enriched water. In other cases the 

water supplied by the second set of nozzles can, however, come 
from a different source. 
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The special mode of operation is explained in fig. 2, which in 
principle shows the process in the purification basin 3 . 

Ozone enriched water is pressed under high pressure, e.g. 10 
bar, via the water conduit 10 and the first set of nozzles 12 
5 into the contaminated water in the purification basin 3 near 
the bottom 25 of the basin. Further, ozone enriched water is 
pressed under somewhat lower pressure, e.g. 3 bar, via the 
water conduit 18 and the second set of nozzles 17 at the bot- 
tom 25 in a distance from the first set of nozzles 12, into 
the contaminated water in the purification basin 3. Pressure, 
ozonebearing and nozzle construction are adjusted in such a 
way that there at the first set of nozzles arise fine bubbles 
10 or microbubbles 23 and at the second set of nozzles large 
bubbles or macrobubbles 24. 

The microbubbles, which are in an enormous amount and to a 
substantial degree already have been formed in the reaction 
container 2, have, if combined, an enormous surface, and their 
aggressive ozone content begin immediately to react with the 

15 surrounding impurities in the water. Fig. 2 is very simplified 
and shows only one single microbubble in its various develop- 
ment stages, during which there succeedingly is formed a shell 
of reaction products around the bubble. At the same time the 
ozone content is completely or partly used in the proces and 
will therefore not, as could be expected, rise in the water, 
but are instead being displaced to the right (in the figure) 
by the succeeding microbubbles, which continuously stream in 

20 through the nozzles 12. 

The macrobubbles 24 from the nozzles 17 run equally through a 
number of development stages, while they as shown rises from 
the bottom to the water surface. In this process they encoun- 
ter a lot of microbubbles and merge. The shells of the micro- 
bubbles will form a new shell around the ascending macro- 
25 bubbles, and the remaining ozone content will at the same time 
process non-processed substances in the shell and not yet pro- 
cessed impurities in the water. 

The content of ozone in the macrobubbles will therefore gradu- 
ally be reduced, as the shell increases. At the surface the 
bubbles will burst and the shells will collapse to floes 26, 

_ while the remaining ozone in the bubbles is released. 
30 

As shown in fig. l the floes 26 are removed by means of a belt 
filter for microf iltration 27 of the type described in the 
applicants' Danish Patent Application No. 0145/96, to which is 
referred as a reference. 

The microbubbles 23 are so fine, that they are not visible to 
35 the naked eye but are manifested as a milky white fog in the 
water. To the left of the dotted line of the purification ba- 
sin 3 in fig. 1 the water is milky white and therefore filled 
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with microbubbles . To the right of the line 28 the milky fog 
has disappeared, which signify that the contents of ozone in 
the bubbles is used in the reactions processes and/ or that the 
microbubbles have merged. 

The purification process will normally not use the supplied 
5 amount of ozone to the fullest extend. The additional ozone 
will therefore accumulate under a bellshaped cover 29, cove- 
ring the purification basin 23. The accumulated ozone is, 
mixed with air, led from the bellshaped cover and by a cooler 
30, which cools off and consequently dries the air mixture. 
The dried air mixture is then led past a number of UV lamps, 
which by radiation decomposes the ozone to oxygen. The dry, 
oxygen enriched air mixture is finally led, via a gas conduit 
10 30, to the oxygen membrane 6, which detains all other gasses 
but oxygen, which, as previously described, is used as raw 
material in the ozone generator 1 for the production of ozone , 
for the purification process. 

The additional ozone is thus being recycled in the plant and 
is reused repeatedly economic expedient instead of being rele- 
15 ased into the invironment where the ozone could be harmful to 
persons in the surroundings. 



20 



25 



30 



35 
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Claims : 



1. Method fo purification of contaminated water from espe- 
cially oxidizable impurities using ozone, characteri 
zed in, 

- that the contaminated water is placed in a purification 
basin, 



that the contaminated water, at a first set of lead-in's, 
which in reciprocal distance are dispersed between two of 
the opposite sides of the basin and preferable near the 
bottom of the basin, is supplied with ozone in the form of 
small, fine bubbles, 



- that the contaminated water at the second set of lead-in's 
at distance from the first set of lead-in's, and equally 
preferably near the bottom of the basin is supplied with 
ozone in the form of bubbles, which are substantially lar 
ger than the first mentioned fine bubbles. 

15 

2. Method according to claim 1, characterized in, 
that at least the small ozone bubbles are added to the conta- 
minated water in the waterbasin, which is supersaturated with 
ozone, and which is driven through nozzles being placed at the 
respective lead-in's. 

3. Plant for, ozone-purification of contaminated water for 

20 especially oxidizable impurities, characterized in 
that it comprises 



- a purification basin for the contaminated water, 



25 - an ozone source for, when in operation, supplying ozone to 
the plant for purification of the water, 



a reaction container, which, when in operation, partly is 
supplied with water from a water source up to a predetermi 
ned level in the container by means of a first pressure 
pump, partly is supplied with ozone under pressure from the 
ozone source via a gas conduit with a second pressure pump, 
which preferably is a sparkfree membrane pump, 



- a first set of nozzles, which preferably are placed in the 
basin between the two opposite side of this latter, and 
which via at least one first water conduit is connected to 
35 the water in the reaction container, 
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- a second set of nozzles, which preferably at the bottom are 
placed in the basin at distance from the first set of 
nozzles, being connected to at least one second water condu 
it, which is connected as well to the ozone source as to a 
water source and having a third pressure pump for, when in 
5 operation, driving the water through the conduit with a 

pressure, which preferably is smaller than the pressure in 
the reaction container. 

4. A plant according to claim 1, characterized in 
that the water source, when in operation for supplying the 
reaction container with water, is the contaminated water or a 
part of this . 

10 

5. A plant according to claim 3 or 4, characterize 
d in that the water is supplied to the reaction container via 
at least one ejector or similar device, which has been placed 
at a distance above the surface of the water. 

6. A plant according to claim 3, 4 or 5, characteri 
!5 z e d in that there in the second water conduit, which is con- 
nected to the second set of nozzles, is inserted at least one 
ejector or similar device, which at the sucking side is con- 
nected to the ozone source. 

7. A plant according to each of the claims 3-6, charac 
terizedin that it comprises a pressure difference gauge 
for measuring the pressure difference between the top and the 

20 bottom of the reaction container and for, in dependence of the 
measured pressure difference, signal for regulation of the 
first pressure punqp, which serves, when in operation, the pu- 
pose of pumping water from a water source to the reaction 
container. 

8. A plant according to each of the claims 3 - 7, charac 
25terizedin that there in the first and/or the second 

water conduit for supply of water to the first and the second 
set of nozzles, respectively, in the purification basin, or in 
both of these water conduits, a valve for regulation of the 
pressure and/or volume of the supplied water has been 
inserted . 

9. A plant according to each of the cliams 3-8, charac 
30 terizedin that the purification basin is covered with a 

bellformed cover for collecting the additional ozone from the 
purification process, and that the top of the bell is connec- 
ted to the ozone source via a cooler for drying of the passing 
gasses, at least one UV lamp for decomposing ozone to oxygen 
and a gas conduit with an inserted oxygen membrane. 

35 10. A plant according to each of the claims 3 9, charac 
terizedin that a belt filter for microf iltration has 
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been placed in the purification basin, when in operation, to 
remove solids from the water. 
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